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Abstract: Pollen morphology of 21 taxa belonging to 16 genera of the subfamilies: Ajugoideae,
Scutellarioideae, Nepetoideae and Lamioideae from Mongolia were studied using scanning electron
microscope (SEM). Pollen morphology in the family Lamiaceae pollen showed considerable variation in
size (very small, small, medium to big), shape (prolate-spheroidal, subprolate to prolate) and exine
ornamentation (tricolpate and hexacolpate; tuberculate, microreticulate, bireticulate or polish). Our study
suggests pollen characters could be a useful tool to differentiate varies between genera in the family
Lamiaceae. The tricolpate pollen were found in the genera belonging to subfamilies Ajugoideae,
Scutellarioideae, Lamioideae, whereas, hexacolpate pollen were found in genera belonging to the
subfamily Nepetoideae.
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Introduction
The Lamiaceae is one of the largest Angiosperm families,
comprising approximately 240 genera and more than 7,000
taxa distributed throughout the world and is economically
very important (Harley, 2003). In the flora of Mongolia,
Lamiaceae are one of the ten largest plant families,
represented by 89 taxa belonging to 24 genera, and four
subfamilies (Badamtsetseg, 2010).
Pollen grains can be preserved in soil for a long period of
time and its morphology could be accepted as a conservative
character for classification and to establish the evolutionary
history of plants as well. In general, the shape of pollen
grains is specific to the taxonomic ranks, such as family,
genus and species. Therefore, as an important feature, the
morphology of pollen is often used in resolving systematic
problems and inferring the phylogenetic relationships
(Erdtman, 1943; Punsalpaamuu, 1999).
Pollen morphology in the family Lamiaceae has earlier
been worked out by many researchers (Asu-Asab and
Cantino, 1992; Pozhidaev, 1992; Martonfi, 1997; Moon et
al., 2003; Kahraman et al., 2009; Jang et al., 2010).
Martonfi (1997) studied the pollen morphology 11 taxa
of Thymus, (sect. Serpyllum from Carpathians and Pannonia)
and found the aperture mostly as hexacolpate, the shape
variation from suboblate to euprolate, exine ornamentation
as bireticulate and an interdependence between the pollen
morphology and chromosome numbers.
Moon and Hong (2003) studied pollen morphology of 15
taxa of the genus Lycopus, indicating the genus as
stenopalynous: thus limiting the value of pollen characters
for taxanomic applications.
Jang, Jeon and Hong (2010) studied pollen morphology
of 18 taxa of the genus Elsholtzia, revealing several pollen
morphological characteristics that may be of systematic
importance.
However, palynological studies on the family Lamiaceae
in Mongolia have not been carried out in detail. A few taxa
which have been worked out earlier are Dracocephalum
ruyschiana, Phlomis tuberosa, Thymus gobicus etc.
(Punsalpaamuu, 1999, 2001).
This paper presents a comprehensive, systematic survey
of Lamiaceae pollen of 16 genera out of the 24 found in
Mongolia. Pollen characters are presented in detail and the
observations are discussed.
Ertman (1945) suggested the size range of pollen grain
like as followed; the very small to under 10 µm, the small
between 10-25 µm, the medium between 25-50 µm, and
the large between 50-100 µm.
Material and Methods
The present study is based on the materials collected from
the herbarium specimens of 21 taxa belonging to 16 genera
of the family Lamiaceae (Table 1). Which were housed in
the following herbaria: UBA, UBU, ALTB (acronyms
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follow Holmgren et al., 1990) and MNHM (Mongolian
natural history museum). Samples were prepared for light
microscopy (LM) and scanning electron microscopy (SEM)
using the prolonged acetolysis method of Abu-Asab and
Cantino (1989), modified from Erdtman (1960).
For LM pollen grains were mounted on slides in glycerin
jelly. Measurements and morphological observations were
made with an BX-40 microscope (Olympus). Measurements
of polar axis (P), equatorial diameter (E) and colpus length
(CL) were taken of 20 pollen grains per species under the
LM (×400).
For SEM, pollen air dried using 95% ethanol was
mounted on a glass cover slip attached to an aluminum
stubs with double sided cellophane tape, and air-dried at
room temperature under an inverted flask. Specimens were
coated with gold using a JSM-5200 ion sputter (JEOL),
then observed in a S-3400N (Hitachi) at 20 kV and
photographed.
Table 1. Collection data of plant material
Number Taxon name Location Date Collector/herbarium
I. Subfamily Ajugoideae
1 Amethystea coerulea L. Tuv province, Altanbulag soum, Hustai national park, 
south mountain side of mountain “Altan”, rom sandy 
pebbles
2005.08.18 B. Badamtsetseg/MNHM
II. Subfamily Scutellarioideae
2 Scutellaria baicalensis Georgi. Eastern province, 30 km south -west from Bayandun 
soum. From steppe.
1960.07.05 B. Dashnyam/UBA
III. Subfamily Nepetoideae
3 Nepeta nuda L. Altaiskii kray, gorod Barnaul, okr. Yojnii. 1996.06.11 Afanisiva/ALTB
4 Dracocephalum foetidum Bge. Tuv province, Altanbulag soum, Hustai national park, 
south mountainside of mountain “Altan” 
2004.08.05 B. Badamtsetseg/MNHM
5 D. grandiflorum L. Uvurhangai province, Uyanga soum, “Har morit” 
mountain, meadow mountainside. 
2005.07.08 B. Badamtsetseg/MNHM
6 D. ruyschiana L. Tuv province, Bayanchandmana soum, Dorgonot 
mountain, forest. 
2004.06.27 B. Badamtsetseg/MNHM
7 Schizonepeta annua (Pall.) Schischk. Hovd province, Ovhad mountain, N45*49', E91*05'. 
From sandly pebbles. 
2004.06.17 S. A. Dyachenko and P. A. Kosachev/ 
ALTB
8 Origanum vulgare L. Altaiskii kray, Choiskii raoin, okr. Krasnoseliskii. 1987.07.25 A.I. Shmakov and Litvinov/ALTB
9 Thymus gobicus Tschern. Eastern gobi province, Dalanjargalan soum, “Ih nartiin 
chuluu” national park 
2004.06.14 B. Badamtsetseg/MNHM
10 Ziziphora bungeana Juz. Hovd province, Ovhad mountain, N45*49', E91*05'. 
From sandy pebbles. 
2004.06.17 S. A. Dyachenko and P. A. Kosachev/ 
ALTB
11 Z. clinopodioides Lam. Bayan-Ulgii province, Tsagaan us mountain, N48*57', 
E88*03'. 
2001.06.30 R. V. Kamelin and A.I. Shmakov/ 
ALTB
12 Hyssopus cuspidatus Boriss. Bayan-Ulgii province, Sagsai soum, river Songino, 
from forest. 
2005.08.17 B. Ouyntsetseg/UBU
IV. Subfamily Lamioideae
13 Lamium album L. Tuv province, Batsumber soum, Odlog bag, poplar 
forest. 
2005.06.15 B. Badamtsetseg/MNHM
14 Panzerina lanata (L.) Sojak. Eastern gobi province, Dalanjargalan soum, “Ih nartiin 
chuluu” national park 
2004.06.07 B. Badamtsetseg/MNHM
15 Lagochilus diacanthophyllus (Pall.) Benth. Hovd province, Mongolian Altai, Rashaant mountain, 
middle reaches of Bayan-gol, valley of Ulyastain-salaa 
From stony steppe slopes. N46*23', E91*14'
2004.06.21. S. A. Dyachenko and P. A. Kosachev/ 
ALTB 
16 Lagopsis marrubiastrum (Steph.) Ik.-Gal. Hovd province, Mongolian Altai, 45 km SSE Mankhan 
soum. N47o02', E92o22'. Stony and talus slopes. 
2004.07.04 S. A. Dyachenko and P. A. Kosachev/ 
ALTB
17 L. supina (Steph.) Ik.-Gal. Orhon-Uul province, temple Amarbayasgalant, from 
inch of small river. 
2006.07.13 B. Badamtsetseg/MNHM
18 Eremostachys molucelloides Bge. Hovd province, Bulgan soum ñóì. Baitag Bogd 
mountain, No.180
1984.08.20 H. Buyan-Orshih/UBA
19 Phlomis tuberosa L. City Ulaanbaatar, “Munkhiin bolzoo” park. 2005.06.25 B. Badamtsetseg/MNHM
20 Ph. agraria Bge. Bayan-Ulgii province, Mongol-Altai mountain. 
N48o43.5, E88o05'
2001.07.28 A.I. Shmakov, S. A. Dyachenko et al./ 
ALTB
21 Stachys palustris L. Hentii province, Dadal soum, Onon river bank, from 
brushwood. 
2008.08.20 B. Badamtsetseg/MNHM
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The shape, size and exine ornamentation were studied
follwing Erdtman (1943), Erdtman (1945), Moon (2008)
respectively.
Pollen morphology descriptions carried out with the
method of Asu-Asab and Cantino (1992), Martonfi (1997),
Punsalpaamuu (1999, 2001), Moon et al. (2003), Kahraman
et al. (2009) and Jang et al. (2010).
Results
We studied pollen morphology of 21 taxa belonging to 16
genera of Lamiaceae found in Mongolia. Morphological
variation in Lamiaceae is described below for the size,
shape, exine ornamentation and number and size of apertures
of the pollen. Representative pollen characters and including
Table 2. Overview of palynological characters of all studied taxa of Lamiaceae. Numbers refer to minimum-mean-maximum for E, P, E/P and
CL. P is polar axis, E is equatorial diameter, P/E is ratio of polar axis and equatorial diameter, CL is colpus length, SE is exine ornamentation. P/
E is 1 - 1.14 reffer to prolate spheroids; P/E is 1.14 - 1.33 reffer to subprolate; P/E is 1.33 - 2.00 reffer to prolate
Number taxon name P (µm) E (µm) P/E (µm) CL (µm) Shape Colpate SE Size
I. Subfamily Ajugoideae
1 Amethystea coerulea
30.00-41.50-
50.00
22.50-28.25-
42.50
1.18-1.49-1.80
17.50-31.81-
42.50
prolate 3 tuberculate medium
II. Subfamily Scutellarioideae
2 Scutellaria baicalensis
20.00-22.19-
27.50
10.00-16.06-
20.00
1.00-1.42-2.00
12.50-16.91-
22.50
prolate 3 bireticulate small
III. Subfamily Nepetoideae
3 Nepeta nuda
27.50-33.13-
50.00
20.00-25.06-
30.00
0.92-1.34-2.11
20.00-23.95-
37.50
prolate 6 bireticulate medium
4 Dracocephalum foetidum
25.00-34.06-
40.00
22.50-27.25-
32.50
1.00-1.25-1.60
17.50-25.13-
37.50
subprolate 6 bireticulate medium
5 D. grandiflorum
35.00-52.63-
60.00
22.50-29.88-
37.50
1.40-1.79-2.40
27.50-37.79-
45.00
prolate 6 microreticulate large
6 D. ruyschiana
30.00-34.62-
45.00
17.50-23.27-
32.50
1.08-1.52-1.88
20.00-25.38-
37.50
prolate 6 microreticulate medium
7 Schizonepeta annua
22.50-28.56-
35.00
15.00-21.25-
27.50
1.00-1.37-1.71
12.50-19.25-
25.00
prolate 6 bireticulate medium
8 Origanum vulgare
25.00-34.88-
40.00
22.50-30.38-
37.50
0.92-1.16-1.50
15.00-22.36-
27.50
subprolate 6 microreticulate medium
9 Thymus gobicus
22.50-31.50-
40.00
20.00-23.63-
32.50
0.85-1.36-1.78
20.00-23.25-
27.50
prolate 6 microreticulate medium
10 Ziziphora bungeana
22.50-24.75-
30.00
12.50-18.25-
32.50
0.85-1.40-1.83
10.00-16.00-
20.00
prolate 6 bireticulate medium
11 Z. clinopodioides
25.00-28.00-
32.50
20.00-25.50-
30.00
0.83-1.11-1.44
15.00-20.63-
25.00
prolate 
spheroides
6 bireticulate medium
12 Hyssopus cuspidatus
12.50-32.00-
37.50
20.00-24.88-
30.00
0.56-1.30-1.63
15.00-22.38-
30.00
subprolate 6 bireticulate medium
IV. Subfamily Lamioideae
13 Lamium album
25.00-32.09-
37.50
17.50-21.47-
25.00
1.36-1.50-1.69
15.00-24.41-
32.50
prolate 3 microreticulate medium
14 Panzerina lanata
22.50-28.10-
32.50
17.50-20.88-
25.00
1.10-1.36-1.86
17.50-23.36-
30.00
prolate 3 bireticulate medium
15 Lagochilus diacanthophyllus 7.50-8.03-10.00 3.50-4.65-5.50 1.36-1.75-2.50 5.00-5.57-6.25 prolate 3 bireticulate very small
16 Lagopsis marrubiastrum
20.00-23.50-
27.50
12.50-15.63-
20.00
1.13-1.52-2.00
15.00-19.63-
25.00
prolate 3 polish small
17 L. supina
22.50-23.19-
25.00
12.50-15.38-
17.50
1.29-1.52-1.80
15.00-18.49-
22.50
prolate 3 polish small
18 Eremostachys moluccelloides
30.00-40.8-
60.00
27.50-30.91-
41.25
1.03-1.32-1.66
15.00-31.75-
50.00
subprolate 3 bireticulate medium
19 Phlomoides tuberose
27.50-31.19-
35.00
17.50-21.25-
27.50
1.09-1.50-1.93
20.00-25.81-
32.50
prolate 3 bireticulate medium
20 Ph. agraria
30.00-33.81-
37.50
18.75-21.81-
25.00
1.30-1.56-1.88
22.50-28.09-
32.50
prolate 3 bireticulate medium
21 Stachys palustris
22.50-29.25-
35.00
20.00-24.25-
37.50
0.80-1.22-1.50
15.00-20.78-
32.50
subprolate 3 bireticulate medium
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all investigated species in Lamiaceae are summarized in
Table 2. Representative pollen grains of Lamiaceae are
illustrated in Plate 1-6.
A. Size
Size of pollen grain was found varying from 10 to 100 µm.
In Lagochilus diacanthophyllus it was found very small,
P=7.50-8.03-10.00, E=3.50-4.65-5.50 µm, in Scutellaria
baicalensis, Lagopsis marrubiastrum and L. supina were
small, whereas in 16 taxa (Amethystea coerulea, Nepeta
nuda, Schizonepeta annua, Dracocephalum foetidum, D.
Ruyschiana, Eremostachys molucelloides and etc.) it was
medium in size. It was considerably large in Dracocephalum
grandiflorum, P=35.00-52.63-60.00, E=22.50-29.88-37.50
µm (Table 2).
B. Shape
We decide the ratio of polar axis and equatorial diameter as
follows: P/E=1.00-1.14 is prolate spheroides, P/E=1.14-
1.33 is subprolate, P/E=1.33-2.00 is prolate.
The pollen of Ziziphora clinopodioides included under
prolate spheroidal (Plate 4); whereas five taxa, viz.
Fig 1. Number of apertures: A. Hexacolpate-Ziziphora Bungeana; B. Tricolpate-Panzerina lanata.
Fig 2. Types of Exine ornamentation: A. Tuberculate-Amethystea coerulea; B. Bireticulate-Galeopsis bifida; C. Polish-Lagopsis marrubiastrum;
D. Microreticulate-Dracocephalum grandiflorum.
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Dracocephalum foetidum, Origanum vulgare, Hyssopus
cuspidatus, Eremostachys moluccelloides, Stachys palustris
under subprolate category and 15 taxa (Amethystea coerulea,
Scutellaria baicalensis, Nepeta nuda, Dracocephalum
grandiflorum, D. Ruyschiana, Schizonepeta annua and etc.)
under the prolate category.
C. Number and size of apertures
The apertures of pollen grains of Lamiaceae were observed
as tricolpate (3) and hexacolpate (6) (Plate 1-6). Pollen
grains of genera Nepeta, Dracocephalum, Schizonepeta,
Origanum, Thymus, Ziziphora, Hyssopus belonging
subfamily Nepetoideae are hexacolpate, whereas, others
belonging to the subfamily Ajugoideae, Scutellarioideae,
Lamioideae are tricolpate (Fig. 1).
D. Exine ornamentation
The exine ornamentation of pollen grains of Lamiaceae was
classifiable to four types: tuberculate (Amethystea coerulea),
microreticulate (five taxa), bireticulate (13 taxa), and polish
(two taxa) (Fig. 2).
Discussion and Conclusion
Pollen grains of 21 taxa belonging to 16 genera of the
family Lamiaceae shown variation in shape and could be
categorized under three types: prolate spheroidal, subprolate,
prolate whereas their apertures were noticed as tricolpate or
hexacolpate. Their exine ornamentation was observed as
tuberculate, microreticulate, bireticulate and polish.
Earlier workers noted that the pollen grains of Lamiaceae
could be tricolpate (tetracolpate) and hexacolpate (heptacolpate,
octacolpate) (Punsalpaamuu, 1999; 2001) but we could not
find tetracolpate, heptacolpate, and octacolpate pollen
doring our study.
We agree with Cantino et al. (1992) that the genera with
hexacolpate pollen should be included under the subfamily
Nepetioideae, whereas the genera with tricolpate pollens to
other subfamily.
Characters of pollen grains viz. size, shape, exine
ornamentation and number and size of apertures are
important and deciding factor for the systematic study of
various genera under the family Lamiaceae. Our study
suggests further comparative studies on the other species
belonging to other genera of Lamiaceae.
References
Abu-Asab, M.S. and P.D. Cantino. (1989) Pollen morphology of
Trichostema (Labiatae) and its systematic implications.
Systematic Botany 14(3):359-369.
Asu-Asab, M.S. and Cantino, P.D. (1992) Pollen morphology in
subfamily Lamioideae (Labiatae) and its phylogenetic
implications. In: Harley, R.M. and Reynolds T. (eds.),
Advances in Labiatae science. Royal Botanic Gardens,
Kew. pp. 97-112.
Badamtsetseg. B. (2010) The review systematic of the Mint
family (Lamiaceae Lindl.) in Mongolia. Ecologocal
consequences of biosphere processes in the ecotone zone of
southern Siberia and central Asia: Proceedings of the
International Conference. Vol. 2. Poster reports.
Ulaanbaatar (Mongolia), September 6-8. pp. 203-206. 
Cantino, P.D., R.M. Harley and S.J. Wagstaff. (1992) Genera of
Labiatae: status and classification. In: R.M. Harley and T.
Reynolds (eds.) Advances in Labiatae science. Royal
Botanic Gardens, Kew. pp. 511-522.
Erdtman, G. (1943) An Introduction to Pollen Analysis (A new
series of plant science books, val. 12). Chromica Botanica
Company, Waltham, Massschusetts. p. 239.
Erdtman, G. (1945) Pollen Morphology and Plant Taxonomy. III.
Morina L., with an addition on pollen-morphological
terminology. Svensk Botanisk Tidskrift 39: 279-285.
Erdtman, G. 1960. The acetolysis method: revised description.
Svensk Botanisk Tidskrift 54: 561-564.
Harley, R. M. (2003) Validation of the Name Lamioideae
(Labiatae). Kew Bull. 58(3):765-766.
Holmgren, P.K., N.H. Holmgren and L.C. Barnett (1990) Index
Herbariorum, part 1: The herbaria of the world (Regnum
Vegetabile, Vol. 120). New York Botanical Garden, Bronx,
New York.
Jang, T.S., Y.C. Jeon and S.P. Hong (2010) Systematic implications
of pollen morphology in Elsholtzia (Elsholtzieae-
Lamiaceae). Nordic Journal of Botany 28(6): 746-755.
Kahraman, A., F. Celep and M. Dogan (2009) Comparative
morphology, anatomy and palynology of two Salvia L.
species (Lamiaceae) and their taxonomic implications.
Bangladesh journal of Plant Taxonomy 16(1): 73-82.
Martonfi, P. (1997) Pollen morphology of Thymus sect. Serpyllum
(Labiatae: Mentheae) in the Carpathians and Pannonia.
Grana 36(5): 261-270.
Moon H.K. (2008) Systematic studies in Mentheae (Lamiaceae):
morphology, evolutionary aspects and phylogeny.
Unpublished D. Phil. Thesis, K.U. Leuven.
Moon, H.K. and S.P. Hong (2003) Pollen morphology of the
genus Lycopus (Lamiaceae). Annales Botanici Fennici 40:
191-198.
Pozhidaev, A. (1992) The origin of three- and sixcolpate pollen
grains in the Lamiaceae. Grana 31(1): 49-52.
Punsalpaamuu, G. (1999) Balt urgamliin toosnii morphology,
zogiin balnii botanic bytets. Diss. kond. biol. nauk.
Ulaanbaatar. p. 128. (in Mongolian).
Punsalpaamuu, G. (2001) Tsetsgiin toos, zogiin bal, Ulaanbaatar.
p. 100 (in mongolian).
Punt, W., P.P. Hoen, S. Blackmore, S. Nilsson and A. Le Thomas
(2007) Glossary of Pollen and Spore Terminology (2nd and
revised ed.) http://www3.bio.uu.nl/palaeo/glossary/
Sladkov, A.N. (1962) Morphology pilci I spor sovremennih
rastenii v USSR. Izdatelistvo Moskovskovo Universitat (in
Russian).
Received: 8, May. 2012 / Revised: 22, May. 2012 / Accepted: 1, 
Jun. 2012
J. KOREAN NATURE
174 Badamtsetseg, Bazarragchaa, Lee Sang Myoung and Lee Hwa Yuon
Plate 1. Amethystea coerulea (1-4), Scutellaria baicalensis (5, 6), Nepeta nuda (7, 8).
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Plate 2. Nepeta nuda (9, 10), Dracocephalum foetidum (11-14), Dracocephalum grandiflorum (15, 16).
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Plate 3. Dracocephalum ruyschiana (17, 18), Schizonepeta annua (19, 20), Origanum vulgare (21, 22), Thymus gobicus (23, 24).
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Plate 4. Ziziphora bungeana (25, 26), Ziziphora clinopodioides (27, 28), Hyssopus cuspidatus (29, 30), Lamium album (31, 32).
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Plate 5. Panzerina lanata (33, 34), Lagochilus diacanthophyllus (35, 36), Lagopsis marrubiastrum (37, 38), Lagopsis supina (39, 40).
J. KOREAN NATURE
Pollen Morphology of the Family Lamiaceae in Mongolia 179
Plate 6. Eremostachys molucelloides (41, 42), Phlomoides tuberosa (43, 44), Phlomoides agraria (45, 46), Stachys palustris (47, 48).
